Excitation energy transfer to Photosystem I in filaments and heterocysts of Nostoc punctiforme.
Cyanobacteria adapt to varying light conditions by controlling the amount of excitation energy to the photosystems. On the minute time scale this leads to redirection of the excitation energy, usually referred to as state transitions, which involves movement of the phycobilisomes. We have studied short-term light adaptation in isolated heterocysts and intact filaments from the cyanobacterium Nostoc punctiforme ATCC 29133. In N. punctiforme vegetative cells differentiate into heterocysts where nitrogen fixation takes place. Photosystem II is inactivated in the heterocysts, and the abundancy of Photosystem I is increased relative to the vegetative cells. To study light-induced changes in energy transfer to Photosystem I, pre-illumination was made to dark adapted isolated heterocysts. Illumination wavelengths were chosen to excite Photosystem I (708nm) or phycobilisomes (560nm) specifically. In heterocysts that were pre-illuminated at 708nm, fluorescence from the phycobilisome terminal emitter was observed in the 77K emission spectrum. However, illumination with 560nm light caused quenching of the emission from the terminal emitter, with a simultaneous increase in the emission at 750nm, indicating that the 560nm pre-illumination caused trimerization of Photosystem I. Excitation spectra showed that 560nm pre-illumination led to an increase in excitation transfer from the phycobilisomes to trimeric Photosystem I. Illumination at 708nm did not lead to increased energy transfer from the phycobilisome to Photosystem I compared to dark adapted samples. The measurements were repeated using intact filaments containing vegetative cells, and found to give very similar results as the heterocysts. This demonstrates that molecular events leading to increased excitation energy transfer to Photosystem I, including trimerization, are independent of Photosystem II activity.